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[57] ABSTRACT 

A speed governing system utilizing a magnetic pickup 
for sensing speed with a freqiiency-to-voltage trans- 
ducer of the type in which each input signal initiates a 
counting cycle by a digital counter receiving relatively 
high, constant frequency input pulses to measure off a 
predetermined time interval, and characterized in that 
the output signal from the counter itself forms a variable 
duty cycle squarewave signal whose dc. or average 
value varies according to changes in the input signal 
frequency. The counter output signal also controls ter- 
mination of each counting cycle. The transducer may 
include means for converting the transducer output 
signal to a failsafe level in the event that sensed speed 
and the input signal frequency become so great that 
there is an erroneous attempt for the system to stabilize 
at twice the set point speed. 

10 Qainis, 6 Drawing Figures 
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, HG. 5 iis a Mgindatiai^ 

raEQUENqr^TG-VGtTAGE raANiSDUCra FOh simple veraiba b]F a loM-of-signal Msafe appamus 

SPEED GOVERNOR SYSTESte OR THE LIKE whicli may life utilized in the transducer; aiid 

BRIEF SUMMARY OF THE INVENTION , ^^^^^^^^^^^ 

The pracnt ihyentioh relates in ^teneral to frequency- ^ ap^aratiis of FIG, 4 during operation; 

to-v'oltitge transiiucers. for producing an output signal While the invention has been shown arid will be de- 

which varies accordihg to changes in the frequency of scribed in some detail with reference to prefmed^ ex- 

ah input signal. More {Particularly, the invention relates emplary embodiments, there is no intention that it thus 

to (rahsdu'bfers, usable in gbvempr systems for prime limited to such detail. On the contrary, it is intendied 

mbversi to create a dfc. voltage which varies as and hereto coverall modifications, alteniaidvds and ^ 

repr&ents the actii^ speed of the controlled prime lents which fall within the spirit and scope of the ap- 

mover. lia such systemb the speed of the controlled pendfed claims: 

priirifer mover is semed by a pickup which produdes DETAILED DES€RIPTION 

recumhg input signals with a frequency that varies in „ . . 

propbrtibh to clxanges of actual speed. That frequency J^^^ of bnef introduction, a prime mover 10 (FIG. 

is converted iiitb a correspohdihgly variable d6: voltage 7 a diesel engine is mechanically coupldd to its 

Giitpiit whibh is cbmp^ed with a set point vbltagb to <*«\en load 11 and^has an associated throttle 10a and an 

prodiice a variable throttlfe position command: voltage ,^^21"^^ ?^ 

appHed to a throttle actuator to correctivdy adjust Snr^n^^^Sl^^T"*^ i*^ 7^^^^ 

rate bf fuel input to the prime mover. excitation apphed to the actuator and controls the rate 

It is tiie general aim of the invention to provide a Sf/Sl^^"^ ^"^^ P"^" 

frequency.td.voltaie transducer which not oiSy is dim- ^ "^"^^ ^^^^ 

uA^ • . 6^ creases or decreases m a pos tion command voltage 

in Its basic nature, and thereby avoids^ maccuracies supped over a conductor 14^ the priine mover 10 te^t 

due to tempera ure or agmg changes in elfectromc cir- to increase br decrease in its opeVatihg speed. On the 

cult componente. but^is also extremely smiple in its other hiind; as the torque exertod by thflbad 11 in- 

organmtion a^d reh^ble m its operation, creases br decreases, the speed of the prime mover 10 

A related object of the mvention is to create a fre- tends to decrease or mcrease if the throttle position and 
queney-to-voltige transducer bf the type in which a 30 rate of fuel input remain the same, 

counter responds to pulses from a precision frequency It is the purpose of the speed governing system 15 to 

source during successive counting cycles, each initiated maintain the speed of the prime mover 10 and driven 

by an input signal, and characterized by the fact that the load 11 substantially constant at a selected value repre- 

counter itself directly produces a squarewavc output sented by a set pomt signal E, derived from any suitable 

voltage of variable dc. content; the latter voltage also 35 soxircc such as an adjustable potentiometer 16. When 

bemg utilized to control a gate which initiates and ter- the torque of tiie load 11 increases or decreases and 

minates the counting action. actual speed tcmds to decrease or increase, the governor 

Another object is to provide such a transducer in system will readjust the throttle 10a to restore the speed 

which erronebiis operation is precluded in the event to the set point value represented by the signal E,. On 

that the input signals should, for any reason, recur With ^ ^he other hand, if the potentiometer 16 is adjusted to 

a peribd less ^lah the time duration of each counting increase br decrease the set point signal the gover- 

cyclci In this respect, it is an object to prevent the gov- systena will cause the throttle 10a to open or close 

ernor system for a prime mover from attempting to ^® speed is increased or decreased to agree with 

stabilize the control speed at a value which is twice the *et point value. 

set point speed. 45 In general terms, the governor system 15 includes 

Still another object is to convert the final, variable "^cmis for producing an actual speed signal E^ in the 

diity cycle voltage of such a transducer to a particul^ ^ voltage which varies in accordance with 

one of two posMble levels in the event that an input changes in sensed speed. For this purpose, a magnetic 

signal appears whilfe i cbimtirig cycle, initiated by the P^^^^P P^^e generator 18 is disposed m cooperative 

previous input si^trial- is in progress. spaced relation to a gear or toothed wheel 19 driven 

Thesb arid other objects and advaritages will become ^^^V !>y» or in timed relation to, the rotating prime 

apparent as the foUbwiiig description proceed^ with each tooth passes the piclhip 18. one 

reference to tfie TOcomianying drawings. ^ ^ ^ ""P*** ^ » 

* quency-to^voltage transducer 100. The latter creates the 

DESCRIPTiON OF THE DRAWINGS 55 actual speed signal E« which varies in ma^tude in- 

HG. lisageneralizeddiagrammaticillustratioriofa changes in the frequency of its 

speed gpyerjg system empS the improvS fre- "Sd^ '"^'"^ ^ ^ 

to mdicate how certam signals m the transducer of FIG. age is^pli^ to ttie noLinverting; teritff of an 

2 >gp wun time; ^, , , 65 operation^ amplifief 20 through appropriate input re- 

FIG. 4 1^ a frapcntary block diagram showmg a sistors. The output of the operational amplifier is cou- 

si^ple version of #ic excessive speed failsafe ajpparatus pled back to the inverting input through a potentiome- 

which may be utdizcd m the transducer; ter 21 workirig into a shunt capacitor 2i, a rheostat 23 
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and a series capacitor 24. The potentiometer 21 creates 
a proportional term, the capacitor 22 creates a deriva- 
tive tenni and the capacitor 24 creates an integral term 
in the overall transfer function of the amplifier 20 — as 
is well known, Proportional gain is adjusted by setting 
the potentiometer 21 while the gain for derivative ac- 
tion is generally adjusted by setting the rheostat 23. The 
output of the amplifier 20 thus forms a throttle position 
command voltage which is applied (through an addi- 
tional ampliHer if necessary) to the throttle actuator 12. 
Whenever the speed of the prime mover lO.is below the 
set point and the voltage is greater than the voltage 
the throttle position command voltage becomes 
more positive and the actuator 12 shifts the throttle 10a 
in an opening direction. Conversely, when the speed of 
the prime mover is above the set point and the voltage 

is greater than the voltage E^, the throttle position 
command signal decreases so that the actuator 12 shifts 
the throttle 10a in a closing direction. 

The present invention is concerned with the frequen- 
cy-to-voltage transducer 100 and the improvements 
which it imparts to the overall governing system. The 
details of that transducer are illustrated in FIG, 2 which 
also shows, for completeness, the toothed gear or wheel 
19 associated with the magnetic pickup 18. The latter is 
illustrated as constituted by a coil 18a disposed on a 
magnetically permeable core 18^ closely spaced from 
the teeth of the wheel 19. As each tooth passes the core 
18^, changes in magnetic flux linking, in the coil l%b, 
induce one cycle of an alternating signal, i.e., a small 
positive pulse followed by a small negative pulse. The 
output of the pickup is preferably applied through a 
transformer 25 to a pulse shaping amplifier 26 (which 
acts also as a unidirectional diode) whose output thus 
becomes a positive squarewave pulse 28 corresponding 
to each passage of a tooth past the pickup 18. The 
pickup pulses 28, here designated PUP, form the input 
to the transducer 100 and, as noted above, they vary 
directly in frequency or recurrence rate according to 
changes in the sensed speed of the prime mover 10. 

In its general aspects, the transducer comprises a 
digital counter which is initiated by each input pulse to 
undergo a cycle of counting a certain number of pulses 
from a precision constant frequency pulse source. As 
here shown, that source of constant frequency pulses 
CFP is a crystal oscillator 101 which operates continu- 
ously at a frequency substantially higher than the maxi- 
mum expected frequency of the recurring input signals 
PUP. "Substantially higher" as that term is here used 
means higher by two to seven or eight orders of magni- 
tude. As an example for purposes of discussion, the 
constant frequency of the pulses CFP from osciUator 
101 may be about 1.6 MHz. while the maximum fre- 
quency of the input signals may be on the order of 200 
Hz. 

The digital counter 102 is of known, conventional 
organization. It may be made up of a tandem array of 
bi-state flip-flops arranged to count in a standard binary 
or binary coded decimal fashion.- In any event it has an 
output terminal which resides at one of first and second 
voltage levels only when the counter reaches or ex- 
ceeds a predetermined count state CSj. As an example, 
it may be assumed that the counter 102 is made up of 
eleven flip-flops (not shown) in tandem, so that it may 
reside in any of 2048 count states (including zero). But 
the "Q" output terminal of the last flip-flop stage will 
reside at a "0" logic level (e.g., zero volts) at all times 
except when the count state is 1024 or greater; con- 



versely, the Q terminal of the last counter stage will 
reside at the "1" logic level (e.g., -f 10 volts) when the 
count state is 1024 or greater. That output terminal is 
here labeled 1024 and the dc. voltage appearing thereon 
5 (which may be either a relatively high or low da volt- 
age level) is designated as the counter output signal CO. 
The counter registers one count in response to each 
negative-going transition at its input terminal CT, and it 
includes conventional means for presetting to a prese- 
10 lected count state CSp (lower than the predetermined 
count state CSj) in response to a high, logic 1 voltage 
(e.g., H- 10 volts) applied to its "clearing" terminal CLR. 
In the present instance, the preselected count state CS^ 
is zero, but other presetting values may be employed. 
15 The pulses CFP are controlled as to their entry into 
the counter 102 by a signal which is derived from or 
constituted directly by the counter output CO. In the 
preferred embodiment, the signal CO is fed back over a 
conductor 104 to control a suitable gate, here shown as 
20 a NOR gate 105 which receives the pulses CFP at its 
second input. Thus, so long as the counter is in count 
state 1024 and the output signal CO is at a logic 1 level, 
the input terminal CT is held at a low or 0 logic level 
But when the counter is not in count state 1024 and the 
25 output signal CO is at the 0 logic level, the pulses CFP 
pass with inversion through the NOR gate 105 to the 
terminal CT. Manifestly, the counter 102 will "nor- 
mally** reside in the 1024 count state with the NOR gate 
104 disabled by the counter output voltage CO. 
30 In carrying out the invention, means are provided to 
initiate a counting cycle by presetting the counter 102 to 
the lower, preselected count state CS^in reponse to the 
arrival of each input signal PUP. For- this purpose, a 
bi-state device is arranged to be set by each input signal 
35 and the setting of the bi-state device in turn presets or 
clears the counter 102. The resulting transition in the 
counter output signal CO is caused to reset the bi-state 
device. In the specific example of FIG. 2, a D-type 
flip-flop 106 receives the input signals PUP on its 
40 "clock" terminal CK, while its control terminal D is 
tied permanently to a logic 1 level voltage, here repre- 
sented by the symbol The Q output terminal of the 
flip-flop 106 produces a signal RST at a logic 1 level 
oidy when the flip-flop is set, and this signal RST is fed 
45 to the "clearing*' terminal CLR of the counter. To reset 
the flip-flop 106 very, shortly after each setting thereof, 
the counter signal CO is fed back through an inverter 
108 to the overriding reset terminal R of the flip-flop 
106. It may be seen, therefore, that in response to the 
50 positivegoing wavefront of each input signal PUP, the 
flip-flop 106 is "clocked" to a set state; the signal RST 
switches from a logic 0 to a logic 1 level; and the 
coimter 102 is preset to a preselected count state which, 
in the present instance, is the cleared or zero count state. 
55 Such clearing of th6 counter causes its output signal CO 
to switch from a high to a low logic level so that the 
output CD of the inverter swings from a low to a high 
logic level, thereby immediately resetting the flip-flop 
106 after, but only after, the counter has been cleared. 
60 In a fashion to be explained more fully below, the 
counter output signal CO has the form of a squarewave 
with a duty cycle that varies according to the changes 
in. the frequency of the input pulses PUP. The output 
signal CO is coupled as one input to a NAND gate 110 
65 which may be considered for the moment as perma- 
nently enabled by a 1 logic level for the control signal 
FS applied to its other input. The output of the NAND 
gate 110 is fed to two or more paralleled inverting am- 
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plifiers 111a aad 1116 which in turn produce an input signal CFP (as contrasted to the instant r| which occurs 

signal FI to an avdin^g filter 112. The transducer midway through a high half cycle of the signal GiPP), 

output signal: Ei, which is a dc. voltage varying in- the time between instants fi^ and is even shorter than 

versely as the frequency of the input signals PUP the time between instants /j and /j. In any event, the 

changes, appears at the output of that filter. 5 period W is essentially equal in both cases, the later one 

Assuming that the NAND gate 110 is enabled by the shown in FIG. 3 terminating at instant t^^ after the 
signal PS residing at a 1 logic level, that gate passes the counter has received 1024 pulses for one counting cyde 
signal CO in inverted form. The ampifiers 111a and and the signal CO reverts from the 0 to the 1 logic level. 
1116 are employed to present a low output impedance Of course, the frequency of the pulses PUP may 
working into the low impedance of the filter 112 and 10 change as the speed of the prime mover and toothed 
they introduce a second; inversion. Since there is a dou- wheel 19 (FIGS, 1 and 2) change. If the period. T 
ble inversion, the gate 110 and the amplifiers 111 in (which is the reciprocal of the incoming signal fre- 
effect collectively constitute a single AND gate 114 quency) between successive input signals. PUP is as 
which is enabled by the signal FS and trananite the shown in FIG. 3, and if it is assumed to be 0.128. ms. 
signal GO to create ah amplified counterpart FI which 15 (with the intervals W assumed to be 0.64 ms.), then the 
is the iriput signal for the filter 112. Because the duty recurring squarewave »gnal CO as it appears in FIG. 3 
cycle of the signals GO and FI may vary, their average has a duty cycle expressible as: 
dc. values correspondinjgly vary, and the filter 112 cre- 
ates smoothing action to make the signal E^, by its posi- y_ y ^ 
tive magnitude, vary inversely according to changes in 20 ^"^^ ^ ' r. ' ^ ^ ~ IfW ^ ^ ^0% 
the frequency of the input signals PUP. 

The operation of the transducer 100 may now be Asthe frequency of the incoming signals PUP increases 

better understood with reference to FIG. 3 taken in or decreases (and the period T of the PUP signals de- 

coi\junction with FIG. 2i Assimiing that the counter creases or increases) die duty cycle of the waveform 

102 is initially in the 1024 count state and the signal CO 25 CO will respectively decrease or increase because the 

(waveform 120) is thus at a 1 logic level, NOR gate 105 intervals W will remain the same in duration. As a spe^ 

is initially disabled so that the counter is not counting. cific example using the numbers stated above, if the 

When the next signal PUP (waveform 121) arrives at frequency of the PUP signals varies over a range of 500 

kistant /| (FIG. 3), the flip-flop 106 is set and the signal Hz. to 1562.5 Hz. (and the period T varies from 20 to 

RST (waveforiri 122) swings from a 0 to a 1 level. This 3D 0.64 ms.) the duty cycle of the CO waveform will vary 

clears the counter 102 to a zero count state, but a small from about 97% to zero percent, 

propagation delay may be required for this clearing Recalling that the filter input signal FI has exactly the 

actioa FIG. 3 therefore shows the signal CO changing same waveform as the output signal CO, and if it is 

firom a 1 to a 0 level at a slightiy later instant f^- Such assumed that the "high" or logic one level of the signal 

change in the signal CO produces two results. First, the 35 FI is ten volts, then the average dc. value of the signal 

inverter lOS makes the signal CO swing to a 1 level so FI will vary from 9.7 volts to 0 volts over that incoming 

that the flip-flop 106 is cleared or reset and the signal fequency range. The filter 112 performs an averaging or 

RST restores to a zero leveL Secondly, at the instant ti smoothing function and thus the transducer output sig- 

tiie signal CO enables the NOR gate 105 so that the nal will be a positive dc. voltage which by its magni- 

pulses CFP (waveform 123) thereafter pass in inverted 40 tude varies inversely with changes in the frequency of 

form to create input pulses I (waveform 124) at the the input signals PUP. In the present example, it will be 

tenninai CT. Thus, the counter begins a counting cycle, . seen that the final output dc. voltage will vary from 

counting upwardly from zero, with the first count being about 9.7 volts to zero volts as the incoming frequency 

registered on the negative-going transition of the signal increases over a range of about 3 to 1, from 500 Hz. to 

I at instant /3. 45 about 1562 Hz. 

As indicated by the wavy time-break lines in FIG. 3, Referring back to FIG. 1, consider first that the gov- 

the counter registers 1024 pulses until the last of such emor system is operating under steady state equilibrium 

pulses causes the signal CO to swing from the zero to conditions with the positive voltage E„ equal to the set 

the one logic level at instant t^. The time width W or point voltage Ep the output of the amplifier 20 having 

duration of the "low state'* m the signal CO is thus equal 50 stabilized at a particular value that excites the actuator 

to the interval between instants and plus the essen- 12 sufficiently to hold the throttle IOj in a position to 

tiaUy negligible short interval between instants /, and ^3. make the actual speed of the prime mover 10 equal to 

Assuming merely for the sake of discussion that the the set point value. If now the torque imposed by the 

oscillator 101 produces the pulses CCT at a frequency of load 11 should increase and the speed of the prime 

1.6 MHz., the t^to f4interval is 1023 -i- 1.6 x lO^or 0.64 55 mover tend to decrease, the signal E^ will increase be- 

milliseconds. Also assuming the interval between in- cause It varies in inverse proportion to the sensed actual 

stahts ti and /a to be equal to one period of the CFP speed. The output of the amplifier 20 will therefore 

signalj that interval is only 0.625 ;is. The duration W increase in a positive sense to supply greater excitation 

may thus be considered as essentially equal to 0.64 ms. to the actuator 12 so that the throttle 10a is shifted in an 

and essentially the same for eveiy counting cycle de- 60 opening direction to increase the rate of fuel input suffi- 

spite the slight variationis which may arise because of dentiy to restore the operating speed to the set point 

the extremely short intervals f| to ti and r2to ^3. value. As this occurs, the signal Eg will decrea^ again 

FIG. 3 iliiistrates the arrival of a second input signal but the integratmg action of the amplifier 20 will stabi- 
PiJP at an instant ti^ and a *1ow level" of the counter lize the throttie position command signal at that value 
output signal CO for the same time duration W required 65 necessary to hold the set point speed. On the other 
to register 1024 counts in the counter. Because in this hand, if the torque imposed by the load 11 should de- 
case the leading edge of the signal PUP is shown ap- crease and the speed of the prime mover therefore tend 
proximately inidway through a low half cycle of the to mcrease, the transducer output voltage Eg will de- 
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crease and the output of amplifier 20 wU] change in a CS^ For example, if the signal RST were caused to 

decreasing direction to reduce the excitation of the preset the counter to a count state of 124, then 900 

actuator 12. The throttle IQa will thus be shifted in a pulses CFP would be registered during each counting 

closing direction to reduce the speed of the prime cycle and the intervals W would be somewhat shorter 

mover 10 until it reaches the original set point value. S than described in the examples given above. 
This will again increase the actual speed signal but The counter 102 is initiated into a counting cycle by 

the output of the inte^ating amplifier 20 will stabilize at each mput signal PUP which arrives when the counter 

a value necessary to hold the throttle 10a in a position to is not counting (and the signals CO and CO are respec- 

maintain the set point speed. tively at 1 and 0 levels). This gives rise to a potential 

The transducer 100 shown in FIO. 2 may be easily 10 difficulty in the event that, for any reason, the speed of 

adjusted to accommodate other ranges of input frequen- the prime mover 10 (PIG. 1) shoidd increase to such an 

cies. For this purpose, the counter output terminal may extent that the pickup pulses PUP rise in frequency 

be chosen such that 512 pulses are registered during sufficiently to make their time spacing or period T less 

each counting cycle. As here shown, a simple switch than the chosen duration W of the counting cycles. If 

116 may be used to take the output signal CO from the IS that should occur, then the final output signal would 

"512" terminal of the tenth flip-flop in the counter 102. actually increase and the governor amplifier 20 would 

Thus, the duration of the equal periods W for each act in a sense tending to open the throttle 10a rather 

counting cycle would be halved by moving the switch than to close it as required. 

116 to the position opposite that illustrated in FIO. 2. Consider the Case I waveforms of FIG. 6 which 
This would be done if die range of speeds for the partic- 20 illustrate normal operation of the transducer 100 with 
ular prime mover being controlled were substantially the constant intervals W constituting about one-third of 
lower than those which would be properly accommo- the input signal period Tj. The duty cycle of the wave- 
dated when the switch is in the illustrated position. forms CO and FI is about 33% and the voltage £^ 
Alternatively, of course, the frequency of the oscillator woiild be about 3,3 volts for the exemplary assumptions 
101 may be changed to a value other than 1.6 MHz. 25 stated above. Now,.if the frequency of the input signals 
discussed above by way of example. This, too, would PUP increases to create a shorter period Tj as shown for 
result in increasing or decreasing ^e durations W of the Case II in FIG. 6 the duty cycle of the waveforms CO 
successive counting cycles during which the output and FI would decrease to about 10% and the output 
signal CO resides at a low level. would properly fall to about 1.0 volts. In both Case I 
With the foregoing in mind, it will be seen that one 30 and Case II it is assumed that control signal FS supplied 
key to the simplicity and reliability of the transducer to AND gate 114 is continuously at a 1 level so that the 
100 lies in the provision of means to initiate a counting filter input FI is the same in its waveform as the counter 
cycle by resetting the counter in response to the arrival output CO, 

of an input signal at an instant when the counter is not The waveforms of Case III in FIG. 6 illustrate, how- 
counting. The flip-flop 106 responds to the leading edge 35 ever, the situation in which the frequency of the pulses 
of the pulses PUP to produce the signal RST which PUP has increased to create a period T3 which is less 
clears the counter and thereby causes the signal CO to than the counting cycle intervals W, This might occur, 
change from a high to a low level. By this arrangement, for example, if a human operator inadvertently moved 
the counter itself measures off a counting cycle duration the throttle 10a (FIG. 1) beyond its intended maximum 
W because the signal CO enables the gate 105 when it 40 opening position so that the prime mover speed would 
reverts to a low level and subsequently disables the gate increase beyond the maximum control range of the 
105 after precisely 1024 of the pulses CFP have been system. As shown in Case III of FIG. 6, a first input 
counted. In consequence, the period T of the waveform signal 30 initiates a counting cycle of duration W during 
CO is variable but always essentially the same as the which the waveform CO is at the 0 logic level. But 
variable period of the input signals PUP, But since the 45 before the interval W expires, a second input signal 31 
counting intervals W are essentially all the same in appears at an instant labeled while the signal CO is at 
duration, the duty cycle of the bi-level signals CO and its logic 0 level and while the signal CO from inverter 
FI will vary inversely with changes in the input signal 108 (FIG. 2) is at its 1 level. With the signal CO at a 1 
frequency and the filtered final output signal E^ moU level and applied to the reset terminal R of flip-flop 106, 
vary inversely with changes in that frequency. 50 the latter cannot switch to its set state, and thm any 
As noted above, the interval W depends upon two response to the second input signal 31 of FIG. 6 is pre- 
thmgs, viz., the frequency of the pulses CFP and the eluded. Therefore, after the counting cycle initiated at 
numberof counts which must be registered during each 30 ends, the transducer system reverts to its "normal 
counting cycle. The number of counts so required is state" with the signal CO at a logic 1 level; it responds 
determined by the difference between the predeter- 55 to the next succeeding input signal 32 as shown in FIG. 
mined count state CSi and the preselected, count state 6 by resetting the counter to its zero count state. In 
CS^, the former being that count state at which the these circumstances the counter output signal CO takes 
selected counter output terminal resides at a particular on a duty cycle which is roughly 33% because that 
one of its two possible voltage levels (here, the 1 level), signal cannot possess a duty cycle which is less than 
and the latter being the count state (here, zero) which 60 zero percent (as is approached in Case II). If the signal 
the signal RST causes to be preset into the counter. CO as it appears in FIG. 6 were transmitted through the 
Thus, it should be understood that it is not necessary in AND gate 114 to create an identical waveform FI, the 
the practice of the invention to cause the counter to be output would increase (in relation to Case II) and the 
cleared by the signal RST when an input signal PUP governor system of FIG. 1 would therefore tend further 
arrives; alternatively the counter could be preset to any 65 to increase the speed of the prime mover 10. This would 
selected count state CSo which is lower than the prede- be an improper response which would aggravate and 
termined count state CSt, and the number of counts reinforce an excessive speed condition. Indeed, the 
required for a counting cycle would therefore be CSj - governor system in these circumstances would attempt 
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to further increase the speed of the prime mover until set point Therefore; the failsafe circuit 200^ shown in. 
the action of the ihpiit sigiials PUP adjusted the duty FIG. 4 ais associated with the counter 102 and the AND 
cycle of the sighal GO td make the signal match the gate 114^ acts to correct, and remove an excessive speed, 
set point signal Ep aiid the system would spuriously condition which: would otherwise cause improper go v- 
stabilize at a speed which is twice that represented by 5^ efnor action if the prime mover speed were, for some 
the set point sighal: reason, increased beyond a maTimnni safe value; 

In keepihg with the present invention, this problem is Still another difficulty may arise in the event that the 
overcome by an excessive speed failsafe apparatus 200 speed-representing pickup pulses are totally lost Con- 
(FIG. 1) associated with the transducer 100. Referring sider the case where the conductor carrying the pulses, 
to FIG. 4, the excessive speed failsafe apparatus 200 is 10 from pickup 18 to the transducer 100 were suddenly 
coiistituted by means responsive to an mput signal arriv- broken so that no input signals arrived at the CK tcrmi? 
ing when the counter is countmg for forcing the filter nal of flip-flop 106 in FIG. 2. If this were to happen, the 
input sigiwJ FI to a predetermined one of its two levels counter would siniply remain permanently in its 1024. 
(here the logic 0 level) so that the signal Eg is forced to count state with the signal CO at a one level. And if the 
a low value Svhich acts to dose the throttle lOd (FIG. 1) 15 signal FS were then continuously at a one level, the 
arid remove the excessive speed condition. Stated in signal FI would remain continuously at its highest one 
other weirds, means are provided to detect the arrival of of two possible voltage levels, so that the signal E^ 
an input signal PUP at aiiy instant when the counter 102 would take on its mMimiim dc. voltage value. In these 
is countiiig, together with means responsive to such. ckcumstances, the amplifier 20 of FIG. 1 would pro- 
detection for holding the filter input signal FI (the out- 20 duce a very high throttle position command voltage, 
put of AND gate 114) at a low level. While a variety of and the actuator 12 would move the throttle 10a in an 
different logic apparatus niay be employed for this pur- opening direction to create a severe overspeed condi- 
pose, tiie failsafe apparatus 200 shoWn in FIG. 4 is tion, Thus, loss of the speed-representing input signals 
formfed by a D-type flip-flop 201 which receives the PUP is a potential source of severe difficulty, 
input sigrials PUP on its clock terminal CK, and re- 25 Although no claim is here made to signal loss failsafe 
ceives the counter output signal GO on its control ter- apparatus per se* the transducer 100 (FIG, 1) may con- 
minal D. The Q output terminal of the flip-flop 201 thus veniently have associated with it relatively simple signal 
prckluce a Msafe signal FS j which is routed to the loss failsafe apparatus 300, a simplified version of which 
AND gate 114 so that the latter normally transmits the is illustrated in FIG; 5. Referring to the latter figure, the 
sigh^ GO to fbitri the input signal FI. It will be appar- 30 signal loss failsafe apparatus 300 is constituted by means 
ent that the signal CO is at the 1 level when the counter for placing the output signal Ba at its lowest speed-pro- 
is not executing a counting cycle, and the arrival of an ducing value in the event that the counter 102 fails at 
input signal PUP at that time will set the flip-flop FFi so least periodically to execute a counting cycle. Since 
that the control signal FSj will normally reside at a I level transitions m the signal CO reflect the perfor- 
level to enable the AND gate 114. But if an input signal 35 mance of counting cycles, this is accomplished by con- 
PUP should appear at the CK terminal of flip-flop 201 necting the counter output signal CO through an in- 
at an instant when the counter 102 is executing a count- verier 302 to form as the controlling input CO to a gate 
ing cycle and the signal GO is at a logic 0 level (see the 301 which is connected across a capacitor 303 so as to 
pulse 34 in FIG. €), ttien the flip-flop 201 will be discharge the capacitor when the gate is enabled and 
switched to its reset state and the signal FSi will revert 40 conductive. The capacitor is charged with a selected 
to a 0 level, thereby disabhng the AND gate 114. time constant from a positive voltage source through a 

the renting operation is illustrated by the wav&- resistor 304 when the gate 301 is disabled. The voltage 
forms of Case Via in FIG. 6. When the input signal 34 appearing across the capacitor is coupled through an 
arrives while the counter signal CO is at its 0 level, the inverter 305 as a control signal FS^ to the AND circuit 
flip-flop 201 is reset and the signal FSi changes from a 1 45 114. 

to a 0 leyei at the instant /j. Accordingly, the AND gate In operation, the capacitor 303 tends to charge be- 
114 is disabled, and the signal FI must take on a 0 logic tween counting cycles by current flow through the 
level (e.g., zero volts) so long as the flip-flop 201 is in its resistor 304 to a relatively high or logic 1 voltage level, 
reset state. Therefore, the signal FI as illustrated in Case Each time that a counting cycle is executed, however, 
Illa of FIG. 6 will feinain at a 0 level (unUke the signal 50 so that signal CO goes to a 0 level and signal CD goes 
FI for Case III) so long as the input pulses PUP arrive to a 1 level, the gate 301 is enabled to quickly discharge 
with a spacmg or period T3 which is less than the con- the capacitor 303. If the countmg cycles recur O-e.. if 
stahfc intervals W. Despite the fact that the signal CO for input signals PUP repeatedly are received and the 
Case ilia has a duty cyde of approximately 30%, the counter is cleared iii response to each) the capacitor 303 
signal FI remains at a low level and the signal Eo will be 55 cannot charge sufRciehtiy that its voltage rises to a logic 
held so low that the governor system of FIG. 1 will act 1 level. The signal FSithus normally resides at a 1 logic 
to move the throttie 10a in a closing direction. level to keep the gate 114 normally enabled. When and 

That corrective adjustment of the throttie will reduce if, however, the input signals fail to arrive periodically 
the speed of the prime mover 10 and increase the period and trigger the counter into a counting cycle, so that the 
between tjie pickup pulses PUP. When, as illustrated in 60 signal TO stays at the 0 level for some time, the capaci- 
FIG. 6, the? period increases to a duration T^g which tor 303 charges enough to make signal FS^ fall to a 0 
equals or slightiy exceeds the coimting cycle duration level Thus, so long as the counter 102 executes count- 
W. then the flip-flop 201 will be switched to its set state ing cycles with a reasonable frequency (confirming tibat 
upon the ariival of a pickup pulse labeled 35 and will pickup signals are bemg received and responded to), the 
thereafter remain in that state to make the signal FS^ 65 signal FSj remains at a logic 1 level and the gate 114 is 
reside at a 1 level. The governor system will thereafter enabled to transmit the counter signal CO so as to form 
operate in a normal fashion and. if necessary, fiirther the counterpart signal FT. In the event, however, that 
reduce the prime mover speed to make it agree with the the counting cycles cease (due to loss of pickup signals 
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PUP) then the capacitor charges sufficiently to make 
the signal FS2 reside at a 0 logic level, thereby forcing 
the mput signal FI to ronain at a low level. If this hap- 
pens, the governor system of FIG. 1 will reduce the 
excitation of the actuator 12 and move the throttle 10a 5 
toward a closed position. 

The simplified versions of the excessive speed and 
signal loss failsafe devices 200 and 300 described with 
reference to FIGS. 4 and 5 may be both incorporated 
into cooperative association witii the transducer 100 as 10 
illustrated by the preferred embodiment of FIG. 2. As 
there shown, the excess speed failsafe device is consti- 
tuted by an inverter 210 coupled to receive the signal 
CO and producing the signal TO. This signal CO is 
passed through a time delay circuit formed by a resistor 15 
211 and a capacitor 212. the latter being shunted by a 
discharge resistance 213. The shghtly delayed si^ial 
CO is applied to the D control terminal of the flip-flop 
201 which receives the input signals PUP on its terminal 
CK as described previously with reference to FIG. 4. In 20 
the arrangement of FIG. 2, however, the Q output 
terminal of flip-flop 201 is connected as one input to a 
NAND gate 215, the output of which is coupled 
through a filter 216 to the base of a transistor 218. The 
signal appearing at the Q terminal of flip-flop 201 may 25 
be considered as a failsafe control signal FSi applied to 
the gate 215. 

To create the loss of signal failsafe action, the signal 
CO from inverter 210 is supplied to control the gate 301 
which periodically (and rapidly) discharges the capaci- 30 
tor 303 each time that the signal CO falls to its zero level 
during a coimting cycle. On the other hand, if the signal 
CO does not periodically rise to a 1 level because the 
signal CO does not fall to a 0 level, then the capacitor 
charges to a logic 1 voltage level by current flow from 35 
a suitable voltage source through a resistor 304 which 
creates a relatively long time constant If the voltage 
across capacitor 303 rises sufficiently (Le., to a 1 level) 
to indicate that the counter 102 is not executing count- 
ing cycles, the output of the inverter 305 switches from 40 
its normal 1 level to a 0 level. The inverter output may 
be viewed as a second failsafe control signal FS2. 

From what has been said, it will be apparent that the 
output of NAND gate 215 normally resides at a 0 logic 
level when both the control signals FSj and FS2 1^0^- 
mally reside at 1 logic levels. In these circumstances, 
the base-emitter circuit of transistor 218 is non-conduc- 
tive so current is not drawn from a positive voltage 
source through a load resistor 219 and the collector 
circuit of that transistor. Therefore, the voltage at the 50 
collector of transistor 218 normally resides at a high or 
logic 1 level because the transistor is cut off. This col- 
lector voltage is connected as a master failsafe control 
signal FS to the NAND gate 110 which forms a part of 
the overall AND circuit 114. 55 

If the excessive speed condition described above 
should arise, then an input signal PUP will arrive at an 
instant when the counter 102 is counting (see again 
pulse 34 in FIG. 6) when the signal CO is at a 0 level 
and when the signal CO is at a one level. That input 60 
signal will therefore set the flip-flop 201, cause the sig- 
nal at its Q terminal to switch from a 1 to a 0 level, and 
the resulting transition of control signal FS] to a 0 level 
will cause the output of NAND gate 215 to swing to a 
high or logic 1 level. In consequence the transistor 218 65 
will be turned on, and the voltage drop across the resis- 
tor 219 will cause the signal FS to fdl to a zero logic 
level. Thus, the AND circuit 114 will be disabled, and 



the signal FI held at a low level until such time as the 
excessive speed condition no longer exists. 

On the other hand, if for any reason the pickup pulses 
fail to arrive or the counter 102 fails periodically to 
execute counting cycles, the signal CO will remain at a 
high level, the signal CO will remain at a low level, the 
gate 301 will remain disabled, and the capacitor 303 will 
not be periodically discharged. Therefore, the voltage 
across the capacitor will rise to a 1 level, and the in- 
verter 304 wil] make the control signal FS^ fall to a 0 
level thereby switching the output of NAND gate 205 
to a 1 level. This action renders the transistor 218 con- 
ductive and disables the AND gate 114 in the manner 
already described to hold the signal FI at a low level. In 
either situation, therefore, the apparatus of FIG. 2 "fails 
safe" and the governor amplifier 20 of FIG. 1 will cause 
the prime mover throttle to move in a closing and 
speed-reducing direction. 

In the foregoing description, various references have 
been made to different signals residing at logic 1 (high) 
or logic 0 (low) levels under different circumstances. It 
is to be understood that this has been done merely by 
way of example to impart concreteness to the descrip- 
tion. Those skilled in the art will comprehend readily 
that many signal inversions may be introduced without 
departing from the essential teachings herein given; so 
long as the signal inversions are of an even number, the 
resulting operation will be the same and the resulting 
apparatus fuUy equivalent 

I claim: 

1. In a transducer for converting the variable fre- 
quency of recurring input signals into a correspond- 
ingly varying dc. output, the combination comprising 

(a) an oscillator producing rapidly repeating signals 
at a constant, predetermined frequency substan- 
tiaUy greater than the maximum frequency of said 
input signals, 

(b) a digital counter having an output terminal on 
which appears a counter output voltage at a first or 
second level when the counter respectively is in or 
is not or above a predetermined count state, one of 
said levels being relatively high and the other rela- 
tively low, 

(c) gate means interposed between said oscillator and 
the countmg input of said counter, 

(d) means responsive to said voltage on said counter 
output terminal for controlling said gate means to 
be disabled or enabled when the counter is or is not 
in said predetermined count state, 

(e) means responsive to each of said input signals for 
resetting said counter to a preselected count state 
lower than said predetermined count state, and 

(f) means for filtering said counter output voltage to 
create a final dc. output which varies as the aver- 
age of such voltage and inversely in proportion to 
the frequency of said input signals. 

2. The combination set forth in claim 1 wherein said 
means (e) includes 

. (el) a bi-state device capable of residing in set and 
reset states, 

(e2) means responsive to each of said input signals for 

setting said device, 
(e3) means responsive to setting of said device for 

resetting said counter to said preselected count 

state, and 

(e4) means responsive to said counter voltage switch- 
ing from said first to said second level for resetting 
said device. 
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3. The combinationiset forth iiji; claim 1 wherdn said 
preselectekl' cpimt^ata^^is thi^vzerpxpunt state. 

4; The :Com^ii;^tipn< s^t fqritk inclaim i further, includ- 
ing. ; , . 

(g): means, resppnsiye to an input signal occurring S 
while; saidf.OQugti^^- voltage is, at said sepondrleyel 
fe^ supplyil^gitp^a§^d filtjeiing. means a voltage hay- 
ing smd;secpn,4leyel even when the counter output 
voltage; njsxt t^e^ on said first level, whereby the 
input tp> said filter cannpt falsely indicate that the 10 
firequency>oC inpvjt; sign^^iS; lower than it actually 
18': 

5; Inj % t^a^ucef for converting the variable fre- 
quency of requn^yig, input signals into a correspond- 
ingly, yariajble; da, pji.tpuj, the combination comprising 15 

(a) : an psciUatprr|s^^^^ continuing pulse stream 
at a, comtwti/ pi^etenn^^ substan- 
tiadly. greater thai} tibe , maximum frequency, of said 
input signa^ 

(b) a d;gi^ <;jqunter having an output terminal; on 20 
whifih ajjpearSi % high or low counter output volt- 
agjs^ leyel >yhen th^ is, or i^ not in or above 

a p^edetei^mm^^ count state, 

(c) /a gate mte^ said oscillatpr and, the 
c^jinting; input pf sajjd counter, and disabled or 25 
eQ^bled when, a highi or lo;^ control voltage is 
applied ^?)C^l^;tp i?lpck or pass, said; pulse s^eam, 

(d) ; m^^iO^ for cpupjjgg said voltage &om said ouj^ut 
teragiinal as. a, cpptrol to said gate, 

(el a l?i-state flip jpp, c^pajble of being set or reset, 
(0; means resppnaiye to each of said input signals, for 
setting said flip-flop, 

(g) means responsive to setting of the flip-flop, for 
clearing the counter to zero count state, 

(h) means res^nsive to said counter voltage switch- 
ing from a higt^ to, a low level for resetting said 
flip-flop,, and 

(i> meajos, foj^ fll.t;eqng said counter output ypltage to 
p)rqd,uce a dc. output whereby each input 
signi^ caus.^s, saiid, Qpunter to count pubes, from said 40 
stream, from zero to sdd predetermined count state 
tp m^easure piff a cgrystant time interval during 
which said cpun^ output voltage is at a low value, 
so, that the duty cycle of said dc. volt^e varies 
inversely with qlian£;es in the frequency of said 45 
inpHt sigrn^als, 

^, h\ a sfyisteflpi. fpr gover^^g the speed of a prime 
WW t>3f ^j\i^tijig a thrpttle member to maintain the 
spe?^ in ^greem^enV with a set point sigMiI, mduding 

(a) m?^, fPT §?^?.iftg, speed of the prime mpyer to 50 
prq4uc^ WPUt sigi\^s which in frequency are pro- 
portional to ^^^d ifldi9$itivc of actual sp^^ied, 

(b) I sp\^^ pf constant ft c^i^piipy adgaajs haying a 
feequ^cy substajitially lygher than the maximum 
ft^quency of aaji4 input signals, 55 

(c) a digits counter^ 

(d) |ne^ resppftsiye to each mput sig^^al received 

the qputn^r is not counting for i|utiati;ig a 
cpyi^^ing 9ycle di^ring wWph said counter coimts 
ss(l^ cg^tati^t fr^utpncy sigfnals frpm a preselected 60 
cpiint state tp ^ predetermined cpunt state, 

(e) me^ iR^-Mtag ^4 cpimter fpr pr^rtucing a dc. 
voltage yfMqh is at a first or second Ipyei w^en tiie 
counter is npt pr is counting, 

(Q jueans for fUteying said cpimter output ypltage tp 65 
produpjc % final fdp. putput signal which varies in- 
vcr^^y in prppp^pn tp changes in ac|;ual ^peed, 
and — 
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(g)|meam^fpr'.subj^^ 
and dc. pu^^t si^t^s to., open sdd'^tib^o^^^, v^^^ 
said outputt sigi^^i increases, aiid clpses^saidj t£i;pl^i^ 
w^n sud* output sigoai, idecreastes,^ the. im^]:ove- 
ment ch^ctei^ediby- 
ClXmeansfoi; dfst^tmg the arriyal of apjinput^si^i^ 

when ssdd Gpu^tec is coimting,, apfl, 
(2) means responsive to such detection fo)[; holding 
said dc. voltage at said second level until a^in^ut 
si^ial arrives when the coimter is^not cx)unting, 
whereby overspeeding of said prime moyei; to 
the point that the period of said input pulses is 
less than tJ^e duration of each, counting , cycle 
dpes not result in further; opening of the thjcottle. 
7i In a transducer for converting the variably fre- 
quency of recurring input signals into a corresponi^- 
ingly; varying dc* output, the combination including 

(a) a source of constant frequency signals having a 
frequency substantially higiier than the maximum 
frequency of 'said input signals, 

(b) :a digital counter, 

(c) means for causing said counter to count said con- 
stant frequency signals from a preselected count 
state (e.g.', zero) to a predetermined count state 
(e.g., 1(X^) in response to each of said input sigi^^ 
occurring when the counter is not counting, 

(d) means includmg said counter for producing a dc. 
voltage which is at a first level when the counter is 
counting and at a second leyel when the counter is 
not counting, whereby the duty cycle of said volt- 
age varies inversely as the frequency of the input 
sigpnals changes, and characterized by the improve- 
ment of * 

(X) means for detecting the arrival of an input signal 

while said counter is counting, and 
(2) means resppnsiye to such detection for holding 
saiddc. voltage at said second level until an input 
sigMJ arrives ^hen the counter is not oountmg. 
8. The combination set forth in chum 7 wherein said 
means (1) cornp/risds 
(la) m^aos for obtaining from said counter a counter 
output voltage which is at a first level (e.g., 1) 
when the counter is in or above said predetermined 
count state and which is at a second level (e.g., 0) 
whfin the counter is in a state lower than said pre- 
determined count state, and 
(li) m^ajps for pjodudng a cpjatrol signal (FS) which 
s^vyitclics frpm a fi^^t level (e.g., 1) to a second level 
(p.^, Q) to matoh tlie then-existing level of said 
cpufiter Qi^tp:utt voltage at the instant an input sig|nal 
arrives, wh^^by said control signal when at said 
secp|[4 leyci indicates that ^ ii^ut signal has far- 
rived ^l^le said counter is counting. ' 
The combination set forth in claim 7 wherein said 
means (2) is a logic gate controlled by said means (1) 
a^d rece|vii^g a§ a second input an output voltage from 
s^d counter,' sau) clc. voltage appearing at the outp^ of 
^d gat^, 

10. 1^ a tfai^ucer for converting the variable fre- 
fiuejipy pf recurmg iiiput sig^ials into a corresppnd- 
i|ig|y vajqj^fefe 4c. pjitpu^ the cpmbjMtipn cpmpr^ing 
Cs) W P^KfifllftPr prc>ducing a continunig pulse s^Mfin 
at a constant,' pf edetcfimne^ frei^uency substan- 
tially greater U^an the majumum frequency 
input sififnals, 

(b) a digi^ $f9rVi|it^ ^VtH^ ^ ^H^put t^ ^^md on 
^Mch appears ^ hi^ or low counter putput volt- 
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age level when the counter is or is not in or above 
a predetennined count state, 

(c) a gate interposed between said oscillator and the 
counting input of said counter, and disabled or 
enabled when a high or low control voltage is 
applied thereto to block or pass said pube stream, 

(d) means for coupling said dc. voltage from said iq 
output terminal as a control to said gate, 

(e) a bi-state flip-flop capable of being set or reset, 

(f) means responsive to each of said input signals for 
setting said flip-flop, 

(g) means responsive to setting of the flip-flop for 
clcarig the counter to zero count state, 

20 



(h) means responsive to said counter voltage switch- 
ing from a high to a low level for resetting said 
flip-flop, 

(i) a second bi-state flip-flop capable, of being set or 
reset, 

(j) means responsive to the arrival of an input signal at 
an instant when said counter voltage is low or high 
for respectively setting or resetting said second 
flip-flop, and 

(k) a second gate receiving as one input the counter 
voltage from said counter and enabled by a control 
signal from said second flip-flop when the latter is 
reset, and 

0) means for filtering the output of said second gate 
to produce a final dc. voltage which varies in- 
versely according to changes in the frequency of 
said input signals. 
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